Site-directed deletion mutants of a carboxyl-terminal region of human dihydrofolate reductase.
Substrate and inhibitor binding to dihydrofolate reductase (DHFR) primarily involves residues in the amino-terminal half of the enzyme; however, antibody binding studies performed in this laboratory suggested that the loop region located in the carboxyl terminus of human DHFR (hDHFR; residues 140-186) is involved in conformational changes that occur upon ligand binding and affect enzyme function (Ratnam, M., Tan, X., Prendergast, N.J., Smith, P.L. & Freisheim, J.H. (1988) Biochemistry 27, 4800-4804). To investigate this observation further, site-directed mutagenesis was used to construct deletion mutants of hDHFR missing 1 (del-1), 2 (del-2), 4 (del-4), and 6 (del-6) residues from loops in the carboxyl terminus of the enzyme. The del-1 mutant enzyme has a two-amino acid substitution in addition to the one-amino acid deletion. Deletion of only one amino acid resulted in a 35% decrease in the specific activity of the enzyme. The del-6 mutant enzyme was inactive. Surprisingly, the del-4 mutant enzyme retained a specific activity almost 33% that of the wild type. The specific activity of the del-2 mutant enzyme was slightly higher (38% wild-type activity) than that of the del-4 mutant. All three active deletion mutants were much less stable than the wild-type enzyme, and all three showed at least a 10-fold increase in Km values for both substrates. The del-1 and del-2 mutants exhibited a similar increase in KD values for both substrate and cofactor. The three active deletion mutants lost activity at concentrations of activating agents such as KCl, urea, and p-hydroxymercuribenzoate that continued to stimulate the wild-type enzyme. Antibody binding studies revealed conformational differences between the wild-type and mutant enzymes both in the absence and presence of bound folate. Thus, although the loops near the carboxyl terminus are far removed from the active site, small deletions of this region significantly affect DHFR function, indicating that the loop structure in mammalian DHFR plays an important functional role in its conformation and catalysis.